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We study the interaction of Λ−hyperon with proton and neutron inside a nucleus within the
framework of relativistic mean field formalism. The single particle energy levels for some of the
specific proton and neutron orbits are analyzed with the addition of Λ−successively. We found that
the interaction of Λ with neutron is more stronger than proton.
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Hypernucleus provides an opportunity to enter into
the strangeness world. After introducing the strangeness
degree of freedom to bound nuclear system, the multi-
baryonic system avails Λ-nucleon (ΛN) interaction in
addition to nucleon-nucleon (NN) interaction. However,
ΛN interaction is weaker than NN but it is imperative as
well as important to describe the strange system. Many
of the theoretical calculations have been made to give the
importance of ΛN interaction and to facilitate the path
toward multi-strange systems [1–5].
The information about the hyperon-nucleon interac-
tion especially Λp and Λn can be extracted from the hy-
pernuclei. Due to zero isospin of Λ−hyperon, the one
pion exchange is prohibited in ΛN interaction. Which
means the ΛN interaction is governed by two pion ex-
change. In this way, ΛN − ΣN coupling plays a signif-
icant role to drive the ΛN interaction. The most inter-
ested mirror hypernuclei are 4ΛH and
4
ΛHe which reflect
the difference in strength of Λp and Λn interactions. The
ΛN interaction occurs via ΛN −ΣN coupling where, Λp
couples to Σ+n and Λn is coupled with Σ−p [6]. There-
fore, ΣN plays a role as an intermediate state to access
the ΛN interaction. On the basis of this coupling, it is
expected that the mass difference of Σ+ −Σ− is respon-
sible to make a difference in the strength of Λp and Λn
interactions as discussed in Refs. [2, 6, 7]. The difference
in strength of these interactions is a direct consequence
of charge symmetry breaking which is observed in mir-
ror hypernuclei [2, 6, 7]. It is well understood that any
kinds of change take place in the interaction is directly
reflected in nuclear potential as well as single-particle en-
ergy. Thus, it is very much interesting to analyze the
single-particle energy or potential to study the net effect
on interaction, either with the addition of Λ−hyperon
or any other effects. In this work, we study the single-
particle energy as well as potentials of some medium and
superheavy hypernuclei to demonstrate this mechanism
by employing the relativistic mean field (RMF) formal-
ism.
Recently, the RMF theory is quite successful for study-
ing the finite and infinite nuclear systems. Quite success-
ful to study the equation of state (EOS) for normal as
well as high dense neutron matter. Since neutron star is
a compact object with nuclear density ρ = (8 − 10)ρ0,
where ρ0 is the nuclear matter density at saturation,
so there must be the possibility of formation of strange
baryon. In this context, addition of strangeness degree
of freedom to RMF formalism is obvious for the suitable
expansion of the model and this type of attempts have
already been made [4, 8–17].
The relativistic mean field Lagrangian density for
single-Λ hypernuclei has been given in Refs. [8, 9, 11–
13, 15, 17]. To study the multi-strange system in quanti-
tative way, the additional strange scalar (σ∗) and vector
(φ) mesons have been included which simulate the ΛΛ
interaction [4, 10, 14, 16]. Now, the total Lagrangian
density can be written as
L = LN + LΛ + LΛΛ , (1)
LN = ψ¯i{iγµ∂µ −M}ψi + 1
2
(∂µσ∂µσ −m2σσ2)−
1
3
g2σ
3
−1
4
g3σ
4 − gsψ¯iψiσ − 1
4
ΩµνΩµν +
1
2
m2ωω
µωµ
−gωψ¯iγµψiωµ − 1
4
BµνBµν +
1
2
m2ρ~ρ
µ~ρµ − 1
4
FµνFµν
−gρψ¯iγµ~τψi ~ρµ − eψ¯iγµ (1− τ3i)
2
ψiAµ ,
LΛ = ψ¯Λ{iγµ∂µ −mΛ}ψΛ − gσΛψ¯ΛψΛσ − gωΛψ¯ΛγµψΛωµ ,
LΛΛ = 1
2
(∂µσ∗∂µσ
∗ −m2σ∗σ∗2)−
1
4
SµνSµν +
1
2
m2φφ
µφµ
−gσ∗Λψ¯ΛψΛσ∗ − gφΛψ¯ΛγµψΛφµ , (2)
where ψ and ψΛ denote the Dirac spinors for nucleon and
Λ−hyperon, whose masses are M and mΛ respectively.
Because of zero isospin, the Λ−hyperon does not couple
to ρ- mesons. The quantities mσ, mω, mρ, mσ∗ , mφ are
the masses of included mesons and gs, gω, gρ, gσΛ, gωΛ,
gσ∗Λ, gφΛ are their coupling constants. The nonlinear
self-interaction coupling of σ mesons is denoted by g2 and
g3. The total energy of the system is given by Etotal =
Epart(N,Λ)+Eσ+Eω+Eρ+Eσ∗+Eφ+Ec+Epair+Ec.m.,
where Epart(N,Λ) is the sum of the single particle ener-
gies of the nucleons (N) and hyperon (Λ). The ener-
gies parts Eσ, Eω, Eρ, Eσ∗ , Eφ, Ec, Epair and Ecm are
the contributions of meson fields, Coulomb field, pairing
energy and the center-of-mass energy, respectively. For
present study, we use the NL3* parameter set through
out the calculations [18]. To find the numerical values
2of used Λ−meson coupling constants, we adopt the rel-
ative coupling for σ, ω, σ∗ and φ fields. The ratio of
meson-hyperon coupling to meson-nucleon coupling is de-
fined as Rσ = gσΛ/gs and Rω = gωΛ/gω Rσ∗ = gσ∗Λ/gs
and Rφ = gφΛ/gω. The relative coupling values are
used as Rω = 2/3, Rφ = −
√
2/3, Rσ = 0.621 and
Rσ∗ = 0.69 [4, 11, 19, 20]. In present calculations, we
use the constant gap BCS approximation to include the
pairing interaction and the centre of mass correction is
included by Ecm = −(3/4)41A−1/3.
The addition of Λ−hyperon to normal nuclei enhances
the binding and shrinks the core of the system. This hap-
pens because of glue like behaviour of Λ−hyperon. These
observations are shown in Table 1, where the total bind-
ing energy (BE) of hypernuclei are larger than their nor-
mal counter parts and a reduction in total radius (rrms)
of hypernuclei is also observed. For example, the total
radius of 48Ca is 3.496 fm, which is reduced to 3.454 fm
by addition of single Λ into 48Ca nucleus. The increasing
value of single-Λ binding energy (BΛ) for s−state from
medium to superheavy hypernuclei confirming the po-
tential depth of lambda particle in nuclear matter which
would be -28 MeV [4, 22].
The lambda hyperons are introduced into the nucleus
to see the effects of substituted hyperons on single parti-
cle energies of neutron as well as proton. We choose the
system in such a way to cover the range from medium
to superheavy hypernuclei, for example, 48nΛCa,
208
nΛ Pb
and 298nΛ 114. To study the single particle energy, we
choose some specific energy levels (first occupied and
other higher orbital) for both neutron as well as pro-
ton. Initially, in normal nuclei the higher orbitals of
proton and neutron are fully occupied but due to suc-
cessive addition of Λ−hyperons with replacing neutrons
the upper neutron orbitals become unfilled however pro-
ton orbitals are still occupied. In this way, we analyze
the energy space for first filled and other higher levels
with successive addition of Λ−hyperons. In 48nΛCa, we
study the behaviour of proton (1s1/2, 1d3/2) and neutron
(1s1/2, 1f7/2) energy levels in the respect of substituted
Λ’s. It is evident from Fig. 1(a, b, c) that the neu-
tron levels go dipper with increasing number of substi-
tuted Λ−hyperons. The behaviour of first occupied pro-
ton level looks to be in same trend as neutron but feels
small attraction comparable to neutron. This observa-
tion reflects that the hyperon interact more strongly with
neutron in comparison to proton. However, the nature of
both the interactions is attractive and the present out-
come confirms that Λn interaction is more stronger than
Λp. Again it is found that, the first occupied orbital of
neutron is more effective by addition of Λ’s compared to
higher orbitals. For example, 1s1/2(n) orbital feels more
attraction in comparison to 1f7/2(n) levels in
48
nΛCa hy-
pernuclei. This may be expected because of Λ−hyperon
resides at the center of the nucleus for most of the time
and attracts the surrounding nucleons towards the centre.
On the other hand, the higher proton and neutron levels
are in opposite trend to each other. In 48nΛCa hypernu-
clei, the neutron level (1f7/2(n)) feels a small attraction
with the addition of successive Λ’s while the proton level
(1d3/2(p)) seems in opposite trend. This may be because
of the Coulomb repulsion. The injected Λ−hyperons re-
duce the isospin of the whole system and as a result the
Coulomb interaction becomes more effective. This mech-
anism can be explained by higher proton orbital, where
it goes toward less bound nature, for example, 1d3/2(p)
level in 48nΛCa, 1h11/2(p) level in
208
nΛPb and 1i13/2(p) level
in 298nΛ 114 as shown in Fig. 1(a, b, c). It is also to be
noted that the system with strangeness feels to be more
bound with the addition of Λ−hyperon succesively, and
single particle energy levels goes dipper and dipper up to
a certain number of hyperons. Beyond this limit the na-
ture of hypernuclear system becomes reversed and would
be collapsed as reffered as key point in Ref. [10]. This
behaviour can be noticed in 48nΛCa, where after the ad-
dition of 14 Λ’s, the neutron and proton potentials are
reduced. The same behavior of single particle energy lev-
els is observed not only for 208nΛPb but
298
nΛ 114 superheavy
hypernucleus also as shown in Fig. 1(a, b, c).
The neutron (VN ) and lambda (VΛ) mean potentials
are plotted for the considered hypernuclei in Fig. 1(d,
e, f). From this figure, it is reveal that how does the
potential shape and depth are affcted by successive ad-
dition of Λ−hyperons to the core of the nuclei. The be-
haviour of the potential is plotted only for some number
of hyperons. For example, the neutron and lambda mean
potentials are given for Λ = 1, 5, 8 and 20 for 48nΛCa. In
the same way for superheavy hypernuclei, 298nΛ 114, the
potentials are shown for Λ = 1, 20, 40, 60 and 80. It
is shown in Fig. 1d, that the VN gets the depth around
-85 MeV with addition of one Λ to 48Ca nucleus and it
goes dipper with the addition of more Λ’s. Look into
the 208nΛPb, both the potential depth (VN and VΛ) goes
dipper with inclusion of 40 Λ’s but revert on addition of
60 Λ’s. The reason is simple because there is some lim-
itation of numbers of hyperons for a particular system
to make the maximum binding. The potentials (VN and
VΛ) are distorted with the addition of 20 Λ’s to the core
of 48Ca nucleus. It is clearly seen that the depth and
shape of lambda mean potential is completely affected
with increasing the Λ−interactions with nucleons.
The present study is fully devoted to demonstrate the
difference in strength of Λ-nucleon interactions in multi-
baryonic system. The results show that the Λn inter-
action is more stronger than Λp which is in agreement
with scattering data. We also observe the affects on VN
and VΛ mean potentials by introducing the Λ−hyperons
successively. In our study we find that the binding of
nuclear system is increasing with increasing the injected
hyperons but up to a certain numbers. The injection of
all other hyperons in presence of Λ would provide an op-
portunity to study the high dense system where cluster of
baryon octet or pure hyperonic matter may exist. This
type of study will be helpful to simulate the structure
of astrophysical objects like, neutron or hyperon stars.
Work is in progress in this direction.
3TABLE I: The calculated total and per particle binding energy for single-Λ hypernuclei and their normal counter parts are
listed here. The single-Λ binding energy for s- and p-state of considered hypernuclei are also mentioned and compared with
available exp. values which are given in parentheses [21]. The radii are also displayed. Energies are given in MeV and radii are
in fm.
BE BsΛ B
p
Λ
rch rrms rn rΛ
48Ca 414.2 3.444 3.496 3.591
48
Λ Ca 428.2 21.7 13.4 3.435 3.454 3.554 2.708
208Pb 1639.3 5.499 5.624 5.736
208
Λ Pb 1660.1 26.9(26.3±0.8) 23.0(21.3±0.7) 5.490 5.602 5.718 4.011
298114 2119.3 6.248 6.397 6.513
298
Λ 114 2168.6 27.2 24.1 6.241 6.378 6.497 3.209
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FIG. 1: (color online) The first occupied and higher orbits of neutron and proton are shown for 48nΛCa,
208
nΛPb and
298
nΛ 114
hypernuclei as a function of substituted Λ’s with replacing neutrons on left portion of figure where, the dashed lines in red color
represent the neutron levels while the proton levels are represented by solid black lines. The neutron (VN = Vσ +Vω + Vρ) and
lambda (VΛ = VσΛ+VωΛ) mean potentials are shown for considered hypernuclei in right portion of the figure. The dashed and
dash dotted lines with different colors represent the neutron and lambda mean potential, respectively.
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